The histological appearances of poliomyelitis, encephalitis lethargica and post-vaccinal encephalitis are discussed and the main differential characteristics enumerated.
INFECTIONS of the central nervous system in the human subject have, in recent years, been the subject of much research, with the result that a considerable increase in our knowledge of these conditions has accrued. There are, however, several features not yet completely elucidated, round which much discussion has taken place. It is proposed to deal with the main histological features and some of the problems which have arisen with regard to the relationship of these infections.
Infections of the central nervous system may be divided into two groups:
(1) Bacterial, (2) non-bacterial or virus. The bacterial group is produced mainly by pyogenic and other bacteria which bring about infections of the meninges and brain substance, frequently with pus or abscess formation. The non-bacterial or virus group includes those affections caused by ultramicroscopic viruses, e.g.: (a) poliomyelitis; (b) encephalitis lethargica; (c) encephalitis occurring during the course of some acute virus infection, the best example being vaccinal encephalitis.
There seems to have been unwillingness on the part of many authorities to accept the experimental findings of these virus infections of the central nervous system. It is particularly interesting to notice how views, at first severely criticized, have been gradually accepted. Much of the scepticism has undoubtedly arisen from want of a true appreciation of the histological appearances and their significance.
This communication must be regarded as a r6sume of the histological changes of these infections; complete descriptions are to be found in earlier papers.
We will deal with the histology of these diseases in the order above mentioned, and under the following headings:-(1) Distribution of the lesion; (2) character of the inflammatory reaction;
(3) changes in the nerve structures; (4) vascular changes; (5) cytology of the F-P I 2 McIntosh and Scarff: Histology of some Virus Infections cellular infiltration. In order to save repetition of descriptions of the various types of cell found in the lesions, a short account of these is given below.' ACUTE ANTERIOR POLIOMYELITIS.
The bisto-patbology of anterior poliomyelitis was put on a sound basis by the investigations of Harbitz and Scheel, and of Wickman, who all agreed that the disease was infectious in character, a belief fully substantiated later by Landsteiner, Muller, Levaditi, Flexner, and others.
Clinically, the disease is characterized by sudden onset, fever, malaise and a rapidly developing flaccid paralysis of one or more of the limbs. We should expect, therefore, the histological changes to be correspondingly of an acute type. This, in the main, is seen to be true, if we compare the lesions characteristic of these three types of different infections.
(1) Distribution of the lesion: In acute anterior poliomyelitis the lesions are mainly to be found in the grey matte? of the cord, whilst changes in the brain are relatively slight.
(2) The inflammatory reaction is of a double character: (a) A marked perivascular sheath infiltration and (b) a more diffuse infiltration of the grey matter of the cord. The sheath infiltration is quite a marked feature of the lesion ; the cells are closely packed and often form a wide zone round the vessel. In the photomicrographs the inflammatory cells can be seen lying in the perivascular lymphatic sheath.
(3) Degeneration of the ganglion cells of the grey matter of the cord is a marked feature of poliomyelitis. All stages of cellular degeneration from a slight chromatolysis to complete neuronophagia can be seen.
(4) Hiemorrhages are usually to be found in the grey matter of the cord and are often considerable-areas of softening are not common in the white matter.
(5) A number of different cells can be determined. The sheath infiltration and the inflammatory foci in the grey matter consist largely of lymphocytes with a fair number of polynuclear leucocytes, together with a small number of large cells with clear nuclei. Plasma, plasmoid cells and lymphoblasts are rare.
Cerebral lesions are of a similar type. Experimental Disease.-Experimental inoculation of monkeys produces, after an incubation period of seven to ten days, the typical flaccid paralysis of acute poliomyelitis. A histological examination shows that lesions identical with those found Large lymphocyte (lymphoblast): Sligbtly larger than the lymphocyte, round or oval, nucleus less densely stained and showing a chromatin network with nodes.
Endothelial type: Cells with large, oval, clear nuclei which show a delicate nuclear network and usually one acidophil nucleolus and a very varying amount of cytoplasm. These are usually found in relation to the walls of blood-vessels and resemble closely the cells lining the vessel sheaths. There is a considerable ambiguity as to the exact nature of these cells; some authorities consider those in the parenchyma to be of glial origin (macroglial cells), buit we cannot subscribe to this view as their appearance and distribution are similar to those of the cells found in granulomatous lesions in other sites.
Plasmoid cells are about the size of the lymphoblast, buit are pear or oblong in shape with a deep basophil cytoplasm, the nucleus is eccentric and shows one or two nodes.
Plasma cell is identical with the above except that the nucleus has the nodes arranged in the characteristic clock-face design. The polynuclear ieucocyte and the fibroblast do not present any difficulty in recognition. Glial cells have a mediuim or small round or oval nucleus, deeply stained but at times showing a finely granular chromatin and usuLally with an indefinite protoplasm or cell outline.
The staining of the various sections was by hbmatoxylin, differentiated with acid alcohol and by eosin, or by Weigert's iron heematoxylin and van Gieson, unless otherwvise specified.
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in man, are present in the cord, and practically non-existent in the cortex of the brain.
The cells found are identical with those found in man, perhaps with a slight increase in the number of polynuclear leucocytes, whilst heamorrhages are quite as prominent a feature. In rabbits there is even a greater number of polynuclear leucocytes (McIntosh and Turnbull).
It is interesting to note that in the Borna disease of horses a histological lesion,
showing great similarity to acute poliomyelitis, is present ( fig. 8 ).1 ENCEPHALITIS LETHARGICA.
This disease, as far as medical knowledge goes, appears to have been unknown till the outbreak recorded by von Economo, in 1916, in Vienna. The infection gradually spread over Europe and later to America. The disease was, by some, believed to be botulism poisoning, by others, a form of poliomyelitis.
One of us (J. M.) had the opportunity of examining the material from many of these cases, and early formed the opinion that we were dealing with a new disease, with a histological picture different from that of poliomyelitis. This raised a considerable amount of criticism at the time, *as many authorities believed that encephalitis lethargica was only a form of cerebral poliomyelitis. Marinesco at this time was of a similar opinion. Later, the successful experimental inoculation of animals further supported the contention and, at the present time, all are agreed that encephalitis lethargica is a separate entity. Encephalitis lethargica is in most cases a subacute disease, and is only in rare instances fulminating. The lesions show this in the type of the cellular reactions.
Histology.-(l) The histological changes are always most evident in the basal ganglia, mid-brain and pons, less so in the medulla, and much less so in the cord. The meninges are only slightly involved.
(2) The most characteristic feature of the lesion is the intense perivascular sheath infiltration of the blood-vessels in the areas mentioned. At times this cellular exudate forms a wide ring round the vessels. This may be accompanied by local infiltrations in the parenchyma, apparently without reference to any vessel.
The nerve cells of the basal ganglion are not much affected, and neuronophagia is rare.
Haemorrhages are not common, and when present are capillary. The sheath infiltration consists mainly of lymphocytes with a large number of plasma and plasmoid cells. Polynuclear leucocytes are conspicuously absent, although some writers have described an increase of eosinophil cells. The parenchymatous infiltration is usually diffuse and is of a similar nature to the sheath cells with the addition of glial cells.
Experimental disease.-The exact nature of the disease produced by the experimental inoculation of rabbits and monkeys is still a matter of some dispute (Flexner, Greenfield, etc.). However, the results of the experiments performed in collaboration with Professor Turnbull were that certain definite lesions, indistinguishable from those found in the natural disease, were produced in the brains of rabbits and monkeys without involvement of the cord, in addition, the disease was trans-4 McIntosh and Scarf: Histology of Some Virus Infections mitted in series. In the monkey, the distribution and the cytology of the lesion are indistinguishable from that found in man, In the rabbit, the cellular infiltration is again definitely of the sheath type and the cells are mainly lymphocytes. Inoculations of control material never, in our hands, produced any lesion.
These results, and that of certain other workers, have been criticized mainly on two grounds
(1) Failure of other investigators to produce an experimental disease.
(2) Rabbits occasionally suffer from a spontaneous encephalitis. The first objection can be answered by the fact that a very active virus is required to infectanimals and such cases are extremely rare; we have been unable to get material from an acute case in recent years. In fact, in the London area there have been no cases in the post-mortem room of some of the largest hospitals for some considerable time. The second objection could never have been raised if the critics had studied the lesions of experimental encephalitis letbargica and of spontaneous encephalitis side by side. The spontaneous lesion is practically a granulomatous lesion, perivascular in type, with the cellular exudate composed of large cells with clear nuclei-endothelial type; also the parasite (Encephalitozoon cuniculi) can be demonstrated in a number of the cases.
We hope to deal at a later date with the actual relationship of experimental encephalitic herpes to these lesions.
SECONDARY ENCEPHALITIS.
Post-vaccinal Encephalitis.
We now come to the third group, i.e., encephalitis occurring during some acute infection. The appearance of this complication has been recognized for many years, and is met with after sniall-pox, chicken-pox, measles and other acute infections, whether of bacterial or virus origin.
The example with which we propose to deal is that of post-vaccinal encephalitis, which has attracted considerable attention in recent times. The histology of this will be described in somewhat greater detail, as there is at present a diversity of opinion with regard to the true nature of the condition, particularly as to whether the condition is a new and, hitherto, undescribed lesion, or simply one of the other virus infections of the central nervous system (poliomyelitis or encephalitis lethargica) occurring during vaccination. The latter view was the one mainly advocated by other investigators. The first case was discovered by Professor Turnbull in 1912. In that year we were engaged in a research on anterior poliomyelitis, and at the London Hospital a case of encephalo-myelitis was found at a post-mortem examination on a boy, aged 15, who had recently been vaccinated. It was then recognized that the lesions differed considerably from those of poliomyelitis. Since then we have examined eight cases post-mortem (Turnbull and McIntosh), and many others have been recorded and examined, both in this country and on the Continent (Lucksch, Bastiaanse, Milatz, Kraus, Levaditi, Bouman and Bok, etc.).
The clinical histories of the cases show great similarity, and they all occurred in the recently vaccinated. The cerebral symptoms begin from ten to twelve days after vaccination, which has usually run a normal course up to this point; there is headache with vomiting and paresis. The symptoms rapidly become more pronounced, and may be followed by delirium and coma, paralysis and death, but recovery is possible after the paralysis has become manifest. The post-mortem examination shows cedema and congestion of the meninges, softening of the brain and cord, and parenchymatous degeneration of the internal organs.
Bacteriological investigation has proved negative, but it is possible to isolate vaccinia virus from the brain tissue.
Histology.-(1) The lesions are found widely distributed throughout the whole of the central nervous system, i.e., brain and cord. The virus shows no special affinity for any particular portion of these, grey and white matter being almost equally affected. The meninges are only rarely affected.
(2) The lesions are mainly perivascular, but infiltration of the perivascular sheath is slight, while that in the surrounding parenchyma forms a broad zone round the vessels, in which there is a well-marked demyelination of the nerve fibres.
Degeneration of the nerve cell is slight, as in most of them the Nissl granules can still be made out.
Hyaline thrombi are frequently found, and are at times accompanied by a considerable cedema in the neighbouring tissue. Some of the smaller vessels show swelling and others proliferation of the endothelial cells.
Hemorrhages are uncommon and, when present, are slight. The sheath infiltration, as pointed out, is slight in contradistiction to that found in poliomyelitis and encephalitis lethargica, whilst the parenchymatous infiltration is chiefly composed of large cells with a clear, oval nucleus, now regarded as endothelial cells, together with a number of lymphocytes. Polynuclears are uncommon, as also are plasma or plasmoid cells.
The parenchymatous infiltration, in distribution and composition, is perhaps the most characteristic feature of the lesion, particularly the wide extent of the infiltration and radiating appearance as if the cells were growing out from a central mass, a feature strongly reminiscent of a tissue-culture growth. While the infiltration is seen to be almost entirely composed of these large cells with oval, clear nuclei (endothelial cells), other cells occur in varying numbers, lymphocytes, glial cells and polynuclear leucocytes, but plasma cells are rare.
The general appearance of the lesion in the brain, following vaccination, bears a strong resemblance, in the character and distribution of the cellular infiltration, to certain granulomatous lesions. The description of these cells as being of an endothelial type has been arrived at after a considerable amount of work, and by no procedure at our disposal has it been possible to show any particular characteristic by which they could be put into a separate class, such as has been suggested under the name of macro-glial cells. Similar cells can be seen invading the substance of the brain in cases of tuberculosis and syphilis, while Wolbach and Todd have demonstrated the invasion of the brain in typhus fever by similar mesenchymatous cells.
Lastly, the lesions produced in the internal organs of rabbits, following intravenous injections of vaccinia virus, show the presence of similar cells.
The salient differential features of the lesions are therefore:-(1) Diffuse and widespread nature.
(2) Slight sheath infiltration of the vessels.
(3) Extensive extra-vascular (parenchymatous) infiltration arid demyelination.
(4) Cellular infiltration, mainly of endothelial type. It is on a recognition of these changes that we consider the post-vaccinal encephalitis to be a distinct entity, while its association with vaccination, and the occurrence of a similar type of lesion found in certain pathological conditions convince us of its variolous origin.
These observations are borne out by consideration of the microscopical appearances of the following three pathological conditions: (1) Cerebral lesions found in a case of small-pox; (2) multiple lesions found in the internal organs in a case of post-vaccinal encephalitis; (3) changes produced in the internal organs of rabbits by intravenous injections of vaccinia virus (neuro-vaccine). (1) Through the kindness of Dr. Garrow, of Chesterfield, we received material from a patient recovering from a mild attack of small-pox who, while still in hospital, developed symptoms of encephalitis and died.'
The pathological changes found in the brain show a very close resemblance to those of post-vaccinal encephalitis. There is the same absence of sheath infiltration and great extravascular (parenchymatous) infiltration with endothelial cells, in fact, the tissue-culture picture is even more pronounced. The cord was not obtained for examination.
(2) Multiple or miliary foci were found, in addition to the cerebral lesions, in the case of post-vaccinal encephalitis. These were particularly evident in the lungs and from their appearance and size appeared to be miliary tubercles. There was, however, more evidence of healing (fibrosis) than is usually seen in such lesions; giant cells were numerous, while no tubercle bacilli could be demonstrated. At first, one was inclined to dismiss them as that rather rare phenomenon, healing miliary tubercles. But subsequent examination suggested that these might not be tubercles but granulomata resulting from multiple foci of the vaccinia virus. This view is strengthened by the fact that identical lesions can be produced in rabbits by the intravenous inoculation of vaccinia virus.
(3) The intravenous injection of vaccinia virus into rabbits produces multiple lesions on the skin and in internal organs. These vary in size, but those in the lungs are usually most numerous and consist of small whitish areas in the substance of the lungs. If examined in the earliest stage, the lesions are often necrotic with a surrounding cellular infiltration. If, however, the animal is killed some time after the injection the character of the lesion is more definite. It is seen to consist, usually of a small central necrotic area, round which is a very definite proliferation of endothelial cells with, at times, giant cell formation. The periphery shows an accumulation of fibrous tissue and lymphocytes. Such lesions present the greatest similarity to those found in the organs in the case of post-vaccinal encephalitis.
An analysis of these lesions lends, we think, considerable support to the thesis that the lesion of post-vaccinal encephalitis is characteristic of the action of vaccinia or small-pox virus, a view now subscribed to by a number of workers.
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